We consider the problem of the ordinary fermion mass and mixing patterns in the framework of the 3-3-1 electroweak gauge model. We show that it is possible to obtain all the fermion masses in the standard model experimental ranges, except to τ lepton and the top quark ones, with approximate Yukawa coupling universality and dynamic mass scales near of the physical masses (the u quark mass lies slightly out from the standard range). The CabibboKobayashi-Maskawa mixing matrix maintain the standard model pattern. We discuss how small value of m τ and m t can be understood in the model and how the FERMILAB events could be interpreted in this case. 
The pattern of the fermion masses and mixing angles is one of the major problems of the standard electroweak model [1] . The standard model is based on SU(3) C ⊗SU(2) L ⊗U(1) Y symmetry group and contains only one Higgs scalar doublet of which only one neutral scalar field remains after the symmetry breakdown. In this model, the fermion masses are given by There are essentially two attempts to understand the fermion mass and mixing patterns.
One of them consists in to search the response in more fundamental theories such as GUTs [2] , supersymmetric left-right [3] and composite models [4] , etc. The alternative road is to construct phenomenological mass matrices, by employing some specific ansatz, attempting to fit low energy data [5] .
In the present paper, we deal with this problem in the context of the SU(3) C ⊗SU(3) L ⊗-U(1) N (3-3-1 for short) model in which the weak and electromagnetic interactions are described through a gauge theory based on the SU(3) L ⊗U(1) N semi simple symmetry group [6] [7] [8] . The most interesting feature of the model is that the anomaly cancellations occur only when the three fermion generations are considered together and not family by family as in the standard model. This implies that the number of families must be a multiple of the color number and, consequently, the 3-3-1 model suggests a route towards the response of the flavor question [6] [7] [8] . The model has also a great phenomenological interest since the related new physics is expected to occur in a scale near of the Fermi one. Therefore, since in this model individual lepton number conservation can be violated, typical 3-3-1 processes which are free of the standard model background can be studied in the next generation of colliders [9] .
The model presents an extended scalar sector and fermions of the same electric charge are coupled through different Higgs multiplets. Therefore, there a more reasonable way to describe fermion masses than other models [10] , i. e., with similar strength of Yukawa couplings and dynamic scales near of the physical masses. In other models, Yukawa universality can be implemented only when some charged fermion masses are generated through radiative corrections [11] or when some horizontal symmetry is imposed [12] . Fermion masses and the Cabibbo-Kobayashi-Maskawa mixing matrix problem have already been considered in the context of 3-3-1 model in Ref. [13] were an SU(2) horizontal symmetry was imposed and all masses of the first family vanish.
Let us summarize the most relevant points of the model. In its minimal version the left-handed lepton and quark fields transform under the SU(3) L group as the triplets
where l a = e, µ, τ , α = 2, 3, and 0, 2/3 and −1/3 are the U(1) N charges [7] . Each left-handed quark field has its right-handed counterpart transforming as a singlet of the SU(3) L group.
In order to avoid anomalies one of the quark families, no matter which, must transform in a different way with respect to the two others. The J 1 exotic quark carries 5/3 units of elementary electric charge, while J 2 and J 3 carry −4/3 each.
The fermion and gauge boson masses are generated in the model through the three Higgs scalar triplets
and the sextet
The neutral scalar fields develop the VEVs
It is usual to assume σ Let us now study the consequences of the model to the quark and lepton masses. The piece of the full Yukawa Lagrangian which must be considered is
where a and b are family indices, G
Yukawa coupling constants, with i, j = 1, 2, 3 and α = 2, 3. Should be notice that the Yukawa coupling constants for the η-lepton couplings are antisymmetric [6] . We define the left-handed ordinary quark fields as U R = ( u c t ) in several papers where is showed that the GIM mechanism can be implemented and the FCNCs are naturally suppressed in the model [14] .
Turning to Eq. (4) we analyse firstly the quark sector. In order to eliminate extra parameters from the Yukawa Lagrangian, we introduce the set of discrete symmetries u L,R ,
Thus, from Eq. (4) we have the following mass matrices for the 2/3 and −1/3 quark charge sectors, respectively,
In Eqs. (5), we have not a good symmetry which relates the elements of the 2 × 2 lower right corner matrix in Γ U and the one in the upper left corner in Γ D . However, the eigenvalues of 
after a convenient identification of the eigenvalues with the physical ordinary quark masses, leads to relations among Yukawa constants and masses,
The Cabibbo-Kobayashi-Maskawa mixing matrix,
Since we are considering each mixing matrix in Eqs. (5) with three independent Yukawa parameters only, necessarily one of the elements of the V CKM matrix (in this case V ub )
vanishes.
The Eqs. (7) show that we can not only to obtain a quark mass hierarchical pattern but also to maintain the Yukawa coupling strength varying within a short range. We can 
whose dominance of diagonal elements resembles the standard pattern, but presents off diagonal elements very different of the respective standard model ones [15] .
Let us now briefly discuss the charged lepton sector. From Eq. (4), and by making similar considerations as in the quark sector, the lepton mass matrix is
Here also we have not a good symmetry to reduce the numbers of parameters for the lepton mass determinations. However, since the charged lepton masses run from 0.51 MeV to ∼ 1.8 GeV and v = 0.065 MeV (from the quark sector), we must have v 2 ∼ few GeV. But since only the τ mass is O (GeV), we must decrease the importance of v 2 in the eigenvalues.
On the contrary we do not could find the standard electron mass value maintaining the approximate Yukawa universality. Therefore, we must have G 
where a ≡ G Table II to the charged lepton masses. We can see that the values of m µ and m e are in excellent agreement with the standard values, but not to m τ . We comment below as the model can explain the small value to the τ lepton mass.
Since that we do not was able to reproduce the standard model values to the top and τ masses maintaining the desired Yukawa approximated universality, we would like comment as our values for these parameters can be interpreted in the model. It is well known that the m t value is dependent of the electroweak model interpretations. Several authors discuss how m t can be larger [16] or smaller [17] [18] [19] [20] than the standard model value. Here we are interested in the second case. It is easy to understand why the value of m t measured at FERMILAB is model dependent. For the case of the two Higgs doublet model this problem is very well discussed in Refs. [19, 20] . The reason is that the top quark is produced in pairs tt and decay as t → bW + with the subsequent decay of the W + in l + ν l , or in two quarks q 1 q 2 , and b → µ − ν µ . There are three methods for to measure m t from this decays: i) The top mass can be obtained from the calculated branching ratio of the eµ decay channel; ii) the invariant mass can be measured from the q 1 q 2 mode and iii) the third method consists in to measure the invariant mass of eµ pair from b and W decays [17] . The FERMILAB top mass measurements assume the standard model branching ratio
and Cabibbo-Kobayashi-Maskawa mixing element V tb ≈ 1 [17, 21] .
However, models with a charged scalars, such as the two Higgs doublet model, contribute to top decay via charged Higgs as t → bH + → bl + ν l , which can evades the standard model hypothesis. If m H +m b < m t < m W this decay can dominates the process depending of value of the tan β, where β is the ratio of the VEVs of two Higgs doublet and this can has a strong effect on the CDF and D0 measurements [18] [19] [20] . Models with c and t quarks strongly mixed with a weak singlet 2/3 quark also can lead to a low m t value, making
The discussions of the Ref. and t → be + ν e , can be strongly affected due to mixings in the charged lepton sector. We recall that none of the 3-3-1 model parameters are measured yet.
For simplicity, in the subsequent discussion on the quark top mass measurements we do not consider charged lepton mixing effects. Following Ref. [20] , the key test which show how the charged Higgs boson can affect the top decay rate, and consequently the mass measurement interpretations, is to confront the decay rate t → H + b with its weak interaction standard width given by Γ t = 9G
, where G F is the Fermi constant.
The decay rate of the top quark in the 3-3-1 charged Higgs boson and the ordinary quark b,
where V tb is an element of the Cabibbo-Kobayashi-Maskawa mixing matrix, m H is the 3-3-1 charged Higgs mass and K H is an unknown mixing parameter from the Higgs sector [23] .
Therefore, we can see that if m t = 30 GeV (see Table I bosons and exotic quarks, each with its unknown masses and mixings [24] . Hence, would be impossible disentangle any safe conclusions for the model contributions on these processes.
If the top quark is lighter of 175 GeV, however, it is need to explain the FERMILAB events. An interesting idea, which was presented in another context and for another purpose, is that can exist an exotic quark with electric charge −4/3 whose antiparticle decay as
Since that this decay mode is indistinguishable of t → W + b, the FERMILAB top events can be due to this exotic antiquark and the top can be heavier [16] . The 3-3-1 model predicts two exotic quarks (J 2 and J 3 ) which carry electric charge −4/3 [see Eqs.
(1)], but they are coupled through the exotic V − gauge boson and not through the standard In the charged lepton sector the τ lepton mass measurement can be also affected by exotic contribution. The m τ measurement comes from the process e + e − → τ + τ − [26] . The 3-3-1 model gives additional contributions to the respective amplitude with interactions of the form
where K l is an unknown mixing parameter coming from the charged lepton sector and H 0 is a 3-3-1 neutral Higgs boson. Thus, this contribution is important if v is small, as appears to be the case from our analysis of the quark sector. Should be notice that this condition was also obtained independently from the positivity of the Higgs masses in this model [23] . In this case also, if the τ lepton is lighter than the predict by the standard model, is necessary to explain why it has been hidden at energies lower than the usual threshold. However, the situation is analogous to the top quark case discussed above. A possibility is the τ → lH 0 decay be faster than the standard τ → νW − channel, allowing the τ lepton to evade earlier searches at low energies. Here l = e, µ and H 0 is a 3-3-1 Higgs boson. We recall that exist no bounds on the neutral Higgs masses in 3-3-1 model and so, H 0 can be light [23] . Another possibility is to have decays as τ → νH − , with m H − < m W .
Although it is not our purpose here, we would like to make a brief comment on the neutrino masses in the 3-3-1 model. As we comment above, neutrino gain its masses from σ 1 at three level, if σ 1 = 0. But in our scheme σ 1 ≈ 243 GeV, from Eq. (3) and so it appears to be unnatural since the neutrinos must have small masses [27] . However, in 3-3-1 model it is more interesting that the neutrinos gain its masses at one loop level which can leads to the relation m ν l ∝ m introduction of only a singlet neutrino in the standard model is discussed in Ref. [30] .
In conclusion, we are able to reproduce standard model experimental values of the fermion masses of the first and second families in the framework of the 3-3-1 model with Yukawa coupling constants varying in a range not larger than one order of magnitude and dynamical mass scales near to the physical masses. In the third family, however, we do not can obtain the standard values of the top quark and τ lepton masses. However, since the methods of measurements of these masses are strongly model dependent and the 3-3-1 model can gives large exotic contributions to the respective processes, it is not difficult to understand that in this model the masses of these heavy fermions can be strongly suppressed. We speculate that the FERMILAB events would be due to exotic antiquarks predicted by the model with electric charge 4/3 and the top would be lighter and hidden by charged Higgs decay mode.
It is interesting to notice also that the model suggest some relation between the mechanism for anomaly cancellation and the Yukawa coupling universality. The anomaly cancellation mechanism requires one of the quark family transforming differently of the two other.
This has as a consequence the unconventional Yukawa coupling in Eqs. Table I , but for lepton masses.
